Introduction
Chromosomal differentiation between populations may initiate the process of speciation (Zima, 2000) . Certain kinds of chromosomal change may tend to promote speciation, because of reduced fertility in hybrids (King, 1993) .
Although 8 living species are included in recent taxonomic checklists (Kryštufek and Vohralík, 2005; Yiğit et al., 2006) , more than 50 cytotypes have been reported in blind mole rats and there is still doubt about the taxonomy of this taxon (Savić and Nevo, 1990; Nevo et al., 2001; Arslan et al., 2011; Kankılıç et al., 2011; Sözen et al. 2011) . Topachevskii (1969) proposed 2 genera: Microspalax and Spalax. Later, Gromov and Baranova (1981) recognized 2 genera (Nannospalax and Spalax) since Microspalax was a homonym of an arachnid species. After that, most recent taxonomic sources accepted the generic name Nannospalax as valid for blind mole rats in Turkey (Kryštufek and Vohralík, 2005; Yiğit et al., 2006) . Therefore, we used here the generic name Nannospalax, and 3 Nannospalax species (N. leucodon, N. xanthodon, and N. ehrenbergi) are distributed in Turkey (Topachevskii, 1969; Kryštufek and Vohralík, 2005; Yiğit et al., 2006) .
The results of karyological studies showed that more than 30 cytotypes of Nannospalax are reported from Turkey. N. xanthodon is distributed in most of Turkey and has a diploid chromosome number ranging between 2n = 36 and 60, while its NF value ranges between 66 and 92 (Nevo et al., 1994 (Nevo et al., , 1995 Sözen et al., 1998a Sözen et al., , 1998b Sözen et al., , 1999 Sözen et al., , 2000a Sözen et al., , 2000b Sözen et al., , 2011 Coşkun, 2003 Coşkun, , 2004 Matur and Sözen, 2005; Kankılıç et al. 2005 Kankılıç et al. , 2007 Kankılıç et al. , 2010 Ivanitskaya et al., 2008; Aşan and Yağcı, 2008; Matur et al., 2011) .
Although extensive karyological studies have been conducted since 1978 in Turkey, some karyological gaps still exist in some areas and need to be filled. The purpose of the present study was to describe the karyotypic characteristics of various localities to fill the gaps in our knowledge about cytotypes and their distributional areas in western Turkey. Aydın  0  2  36  70  66  sm  -2 Yatağan  Muğla  1  0  36  70  66  sm  a  3 Denizkent  Balıkesir  2  2  38  74  70  sm  a  4 Dursunbey  Balıkesir  1  0  38  74  70  sm  a  5 Karacabey  Bursa  0  4  38  74  70  sm  -6 Bozcaada  Çanakkale  1  0  38  74  70  sm  a  7 Ezine  Çanakkale  1  1  38  74  70 
Results
We found 7 different diploid numbers of chromosomes (2n = 36, 38, 40, 50, 52, 56, and 2n = 60) . The populations with karyotype of 2n = 36: we found this cytotype in Aydın and Yatağan (Muğla) (Figure  1 ; Table) . The karyotype had NF = 70, NFa = 66. The X chromosome was submetacentric and the Y was acrocentric. The autosomal set consisted of 2 groups: 16 pairs of meta-submetacentric chromosomes and a pair of acrocentric chromosomes (Figure 2 ).
The populations with karyotype of 2n = 38: we collected this cytotype from Bozcaada (Tenedos) island, Gökçeada (Imbros) island (in the Aegean Sea), Ezine (Çanakkale), Denizkent, Dursunbey (Balıkesir), Kırkağaç, Zeytinova, Gelenbe (Manisa), and Karacabey (Bursa) (Figure 1 ; Table) . The X chromosome was submetacentric and the Y was acrocentric. The autosomal set consisted of 2 groups: 16 pairs of bi-armed chromosomes and 2 pairs of acrocentric chromosomes. We calculated NF and NFa for this cytotype as 74 and 70, respectively.
The populations with karyotype of 2n = 40: we determined the karyotype of the population collected 12 km southwest of Beyşehir (Konya) (Figure 1 ; Table) as 2n = 40 NF = 72, NFa = 68. The X chromosome was a medium-sized metacentric and the Y chromosome was a small-sized acrocentric. The autosomal set consisted of 2 groups: 15 pairs of bi-armed chromosomes and 4 pairs of acrocentric chromosomes (Figure 3 ).
The populations with karyotype of 2n = 50: we found these karyotypes in populations from Alaşehir, Pamukören (Manisa) (Figure 1 ; Table) as 2n = 50; NF = 74; NFa = 70. The X chromosome was a middle-sized submetacentric. The autosomal set contained 11 pairs of bi-armed and 13 pairs of acrocentric chromosomes.
The populations with karyotype of 2n = 52: we found 2n = 52, NF = 70, NFa= 66 cytotypes from Yalova, Gölköy, Dörtdivan, Yelkenler, Mengen, and Gerede (Figure 1 ; Table) . The X chromosome was a middle-sized metacentric. The autosomal set consisted of 2 groups: 8 pairs of biarmed and 17 pairs of acrocentric chromosomes.
The populations with karyotype of 2n = 56: these karyotypes in animals from Uşak, Manisa, and Karabük (Figure 1 ; Table) had a diploid number of 2n = 56; NF = 72 and NFa= 68 (Figure 4) . The X chromosome was a Table. middle-sized submetacentric and the Y chromosome was a small acrocentric. The autosomal set contained 7 pairs of bi-armed and 20 pairs of acrocentric chromosomes. The populations with karyotype of 2n = 60: Most localities studied have karyotypes with 2n = 60 (Table; Figure 1 ). Six different NF and NFa values we determined for the 2n = 60 cytotype ( Figure 5 ). The number of chromosome arms in the populations studied is shown in the Table and Figure 5 . The distribution of bi-armed and acrocentric chromosomes is given in Figure 5 . Sözen et al. (1999) and Kankılıç et al. (2010) gave the 2n = 36 cytotype in west Anatolia. We gave additional distribution information for these cytotypes. The 2n = 38 cytotype was recorded from the Aegean region in western Anatolia (Savić and Soltdatović, 1979; Giagia et al., 1982; Nevo et al., 1994 Nevo et al., , 1995 Tez et al., 2002; Sözen, 2004) . We karyotyped for the first time blind mole rats from Turkish islands, Bozcaada (Tenedos) and Gökçeada (Imbros) in the Aegean Sea, and found 2n = 38, NF = 74 in the present study. Similarly, the karyotypes of mole rats from Denizkent, Ezine, and Karacabey were determined as 2n = 38, NF = 74. Therefore, the range of the 2n = 38 cytotype reached the Marmara Sea. Özkan (1999) stated that the morphological peculiarities of mole rats from Gökçeada (Imbros) were similar to those of mole rats in Thrace and corresponding to the subspecies Nannospalax leucodon turcicus from southeastern Europe, while mole rats from Bozcaada (Tenedos) were similar to mole rats in western Anatolia and recognized as the subspecies N. l. anatolicus. However, we have shown here that the 2n = 38 cytotype is distributed on both the islands as in western Anatolia. Nevo et al. (1994) recorded the 2n = 40 cytotype from Beyşehir first. Recently, Kankılıç et al. (2006) and Arslan et al. (2011) reported it again from the Beyşehir area. We recorded here that the same cytotype is present 12 km southwest of Beyşehir. Nevo et al. (1994) found the 2n = 50 cyotype in western Anatolia, 35 km east of Aydın. We recorded the same cytotype from 2 additional localities: Aydın and Manisa. Sözen (2004) first recorded 2n = 50 from northern Anatolia from Keltepe around Karabük. Later, Sözen et al. (2006a) reported an additional record from Kahyalar about 5 km away from Keltepe. We found 4 new localities for this cytotype (numbers 15-18 in Figure 1 ) and the distribution area of this cytotype can generally be determined as about 20-25 km 2 . This cytotype is surrounded by 2n = 60 to the south, 2n = 56 to the east, and 2n = 52 to the west. Sözen (2004) reported the 2n = 52 karyotype from northwestern Anatolia, in Karamürsel, Abant, Mudurnu, Nallıhan, Seben, Yeniçağa, Kartalkaya, and Mengen. Later, Matur and Sözen (2005) reported records from Gölpazarı, Taraklı, Geyve, and Yenipazar. We found new localities in the present study and clarified the distribution area of this cytotype to a large extent. According to previous records, the Yalova locality recorded here is the most westerly point and 2 km SE of Gerede is the most easterly point of this cytotype. The distance between Dörtdivan 1 km N (locality 26 in Figure 1 ) and Sorkun (locality 38 in Figure 1 ) was about 3 km and no geographical barrier exists between these 2 localities. However, the cytotype in Dörtdivan was 2n = 52 and the cytotype in Sorkun was 2n = 60. Interestingly, although very suitable steppe habitats separate these 2 localities, we did not observe any blind mole rat distribution there.
Discussion
The mobility of blind mole rats is quite restricted and karyological rearrangements could be easily fixed in small populations (Nevo, 1991) . Matur et al. (2011) found that four 2n = 50 cytotypes from south, north, west, and east Anatolia were different, inferred from G-and C-banding. That is why the distance is very important for mole rat distribution as well. If cytotypes with the same diploid number are isolated, it may be possible to regard them as different cytotypes.
Sözen (2004) and Sözen et al. (2006b) recorded the 2n = 56 cytotype from Safranbolu and Kastamonu in northern Anatolia. In western Anatolia, the 2n = 56 cytotypes were previously recorded from Isparta (Kankılıç et al., 2007) and Uşak (Kankılıç et al., 2010) . These 2 cytotypes appear to be identical and are regarded as 1 cytotype. Here we found a cytotype similar to that given by Kankılıç et al. (2010) in a nearby locality in Uşak Province (Çiftçiibrahim village).
The 2n = 56 cytotypes from Karabük are differentiated from cytotypes with the same diploid number from western Anatolia by having 2 large metacentrics and a large acrocentric pair. Matur et al. (2011) reported that even though the cytotypes have similar diploid number in Anatolia, those cytotypes have different G-banding patterns. Similar results might be observed for these 2n = 56 cytotypes.
The karyotype 2n = 60 was mostly recorded from central Anatolia (Yüksel, 1984; Gülkaç and Yüksel, 1989; Nevo et al., 1994; Nevo et al., 1995; Sözen et al., 1999; Sözen et al., 2000b; Tez et al., 2001; Yüksel and Gülkaç, 2001; Sözen, 2004; Matur and Sözen, 2005; Kankılıç et al., 2006; Sözen et al., 2006a Sözen et al., , 2006b ). The 2n = 60 cytotype has several different NF values in its distribution area (see Table in Sözen et al., 2006a) .
We recorded this cytotype from 24 additional localities here and these were new localities generally indicating the western distribution points for the 2n = 60 cytotype. Figure 1 shows that distribution of these cytotypes is not restricted to central Anatolia and extends from the Mediterranean area in Antalya 10 km N up to the coastal Marmara region in Bursa (Figure 1) . Nevo et al. (2004) found the 2n = 54 cytotype from Bolu, and they referred to this cytotype as 2n = 54W. So far we have not found this cytotype from Bolu. We eventually omitted here 2n = 54W from the list of the cytotypes of N. xanthodon. Nevo (1991) and Sözen (2004) suggested that speciation in the Spalacidae is presumably peripatric. Matur (2009) determined G-and C-banding pattern of 10 cytotypes of mole rats from western Anatolia and investigated these cytotypes grouped as a different clade named the northern group (2n = 54N, 58N, 60R), the middle group (2n = 52, 56W and 60), and the western group (2n = 36, 38, 40, 50W). Moreover, the northern group occupies a smaller area than the western group.
This study filled most of the gaps in the distribution of blind mole rat cytotypes in western Turkey. The next step in studies on blind mole rats should deal with the taxonomical status of cytotypes. It is very possible that most of the cytotypes in Turkey represent different biological species (Nevo et al., 1994 (Nevo et al., , 1995 Sözen et al., 1999 Sözen et al., , 2000a Sözen et al., , 2000b Sözen et al., , 2006a Sözen et al., , 2006b Sözen, 2004) . Depending on cytotypes determined, new studies in the near future on these cytotypes may solve such taxonomical problems by using more detailed chromosome banding, genetic, molecular, behavioral, physiological etc. studies.
